A Leontief-type economic-impact model for 2012 is used to estimate the potential impacts, in percentage terms, of the 2012 platinum-sector strike on the South African economy. Although it is impossible to incorporate and calculate all the potential impacts, such a model can provide an estimation based on sound statistics and methodologies. Understanding the potential, wider economic impacts of strike action can lead to valuable insights for policymakers, businesses and workers. This will hopefully result in improved policies, as well as enriched negotiations to find solutions to deadlocks in wage negotiations before such deadlocks progress to strike action. Data from the Department of Labour (DoL) shows that 103,155 workers participated in the strike in the metal-ores sector during 2012, and company annual reports indicate that this strike action lasted seven weeks on average. Estimates show that the monetary value of ounces lost by the platinum-related mining industry as a result of lost production during the strike periods amounted to R10.6 billion. Two scenarios are estimated that result in a gross domestic product (GDP) loss for 2012 of 0.53 per cent or R16.5 billion (Scenario 1), and of 0.49 per cent or R15.5 billion (Scenario 2). This implies that GDP growth could have been 3 per cent for Scenario 1 and 2.97 per cent for Scenario 2, instead of the actual GDP growth of 2.47 per cent. Exports could have been R9.05 billion higher for Scenario 1 and R8.4 billion higher for Scenario 2. The current-account deficit for 2012 could have been reduced to 4.93 per cent of GDP for Scenario 1 and to 4.9 per cent for Scenario 2, as against the actual deficit of 5.23 per cent. Tax income could have been R3.8 billion higher for Scenario 1 and R3.6 billion higher for Scenario 2. As a result, the government's budget deficit could have been reduced to 5.13 per cent instead of 5.26 per cent. Expressing employment opportunities lost in terms of annual employment opportunities lost as a result of lost activity shows that this represents almost 25,000 employment opportunities for Scenario 1 and almost 23,300 such opportunities for Scenario 2.
Introduction
Given South Africa's high unemployment rate of around 25 per cent, according to the narrow definition of "unemployment" , there is a desperate need for the South African economy to create and grow employment opportunities. This implies that close to five million active job seekers are not being utilised in the economy. With such a high unemployment rate, strikes by workers are even more worrying, especially if such strikes also impact on the rest of the economy. The South African Constitution as well as labour legislation protect the right to form unions and to strike. However, strike action reduces not only striking workers' income and production or service delivery, but also has a negative impact on the economy as a whole and on general confidence. Understanding the potential, wider economic impacts of strike action can provide valuable insights for policymakers, businesses, workers and trade unions to resort to strike action only as the very last resort. The present research will hopefully result in improved policies, as well as enriched negotiations regarding the adverse impacts of strikes so that solutions to deadlocks in wage negotiations can be pursued before such deadlocks progress to strike action. The research question, therefore, is whether the 2012 platinum-sector strike had a significant impact on the South Africa economy.
The next section of this paper provides the background to the research, followed by the statement of the problem and a discussion of the economic-impact model used. This is followed by Abstract a literature review and the background to strike-related data in South Africa. The importance of the mining industry is highlighted in Section 6, and the estimated results are given and discussed in Section 7. Policy implications are discussed in Section 8, which section is followed by the conclusion.
are an indication of the failure of social dialogue between the parties involved. However, persistent inequalities remain at the root of labour problems, and government policies seem ineffective in meaningfully improving education and skills levels needed to benefit the poor socio-economically.
Even if there are sound reasons for strike action and even if strikes in South Africa are not remarkably different from that in similar emerging markets, as claimed by Bhorat et al. (2014) , such action still impacts negatively on the economy. Without any intervention with respect to the unresolved and underlying factors, it is also envisaged that protected and unprotected industrial action will continue to occur and that, as a result of this, the economy will continue to be negatively affected. This, in itself, creates a vicious circle where the economic growth, investment, confidence and tax income needed to uplift communities are not fully realised as a result of strike action. Consequently, there is a need to better understand the impact of strike action on the economy so that measures can be taken before such action takes place.
Statement of the problem
Strike action can have a devastating impact on an economy and its people. It is not only the striking sector that is impacted, but also other connected sectors in the economy. However, calculating the full economic impact of strike action is very difficult, if not impossible. Apart from the direct losses in terms of production or services, lower dividends for shareholders, and less labour income for workers, the economy is negatively affected by a number of other indirect impacts that are not easily quantifiable. These include impacts due to exchange-rate fluctuations and depreciation as a result of strike action and lost production, impacts on inflation due to increasing unit labour costs (and exchange-rate depreciations), potentially higher interest rates due to the higher inflation, etc. Such impacts can also result in a loss of confidence that may lead to lower consumption, lower investment, lower production and lower future growth. Other indirect impacts include higher indebtedness of workers, as they cannot service their debt if they do not earn an income, loss of assets due to sequestration or blacklisting as a result of workers not being able to service their commitments, and, in the end, a lower standard of living.
Although it is impossible to incorporate all the potential impacts when calculating economic impacts, estimation techniques can provide a "best-guess" calculation based on sound statistics and methodologies. Such estimated impacts of labour strikes are also important for policymakers, labour unions and businesses, for they allow such bodies to understand the potential impacts, thereby informing their decisions or enabling them to make policy adjustments. Estimated impacts can also assist economists and analysts to better understand the potential impacts and advise their clients accordingly or assist, for example, in arriving at more accurate annual GDP forecasts.
Economic-impact modelling and the selection of models
Typical economic models that can be used to perform economic-impact assessments include econometric systems based on supply-side or demand-side (Keynesian) equations. Other models include dynamic stochastic general equilibrium (DSGE) models, computable general equilibrium (CGE) models, dynamic computable general equilibrium (DCGE) models or Leontief-type models. The latter three models are all based on social accounting matrices (SAMs).
An SAM provides the underlying data that shows the inter-industry relationships that exist within an economy for a specific year. Such a model utilises the accounting relationships to measure the economic activity generated by a change in expenditure, investment or industry output (see the Appendix hereto). Economic-impact analysis is not a precise type of analysis, in that it reflects (amalgamated) industry relationships and not individual or firm-specific relationships.
Although the results produced by CGE and DCGE models can be more precise, the Leontieftype model can be seen as a limiting case of a CGE model in view of the assumption of constant returns to scale. A Leontief-type model is therefore essentially a resource-allocation model which responds to shocks through quantity adjustments and not through price adjustments, as is the case, for example, with CGE models themselves. As a result, the latter models do not incorporate market behaviour and there are no relative prices in these models. The estimation of indirect and induced effects with the aid of the Leontief-type model is also more appropriate in the short run, given the fixed structure of the model. Consequently, only short-term impacts will be analysed in this study. However, according to Poole (1999) , the model still manages to provide a surprisingly useful and reliable portrait of the anatomy of production relationships in the economy.
The constant returns to scale Leontief model used in this study is based on a 2012 SAM that was constructed using the 2012 supply and use tables obtained from Statistics South Africa. The National Accounting Matrix (NAM) format and SAM structure have been obtained from a 2009 SAM developed by Davies and Thurlow (2011) . Reserve Bank data was also used to populate the NAM.
Strike-related data for South Africa
Workers' propensity to strike is obtained from a country's strike intensity, which is measured by the number of strikes per 1,000 workers. This is an easy measurable indicator across countries and sectors. According to Bhorat et al. (2014) , striking workers in South Africa constituted 1.1 per cent of all workers in 2003, 7 per cent in 2007, and only 2 per cent in 2011. When comparing strike intensity internationally, only 2.8 per cent of South African workers were involved in strike action in the period 1998 to 2008, a strike intensity similar to that of countries such as Australia, Denmark and Iceland. South Africa has a lesser strike intensity than economies such as those of Italy (6.6 per cent of workers), Spain (7.3 per cent of workers) and Argentina (30.7 per cent of workers). The researchers also found that the average percentage of workdays lost per year in South Africa owing to strikes (3.77 per cent) was lower (during the period 1999-2008) when compared with Brazil (46.4 per cent), India (8 per cent), Nigeria (10.9 per cent), Turkey (19.77 per cent) and the Unites States of America (9.5 per cent) -that is, when considering a selected group of countries. They concluded that their data would seem to suggest that strike action in South Africa was not remarkably different from similar activity in other similar emerging countries. However, Toyota South Africa's chief executive officer argues, for example, that it is important to break the cycle of protracted strike action that results in South Africa's automotive industry being known as an unreliable industry with the world economy. He mentions that, while strike action occurs worldwide, labour action lasting four to eight weeks that brings an entire industry to a standstill is "unheard of" (Venter, 2014) .
Although the strike intensity and the average percentage of workdays lost due to strikes may not be remarkably different, strike activity seems to have increased since 2008 and has also become more violent. Strike intensity is also not necessarily a good indicator of potential impact on the economy. A strike in the production-related sectors (agriculture, mining and manufacturing) may potentially have a much larger impact on GDP, compared with a strike in the services industry, given the linkages to other sectors and the export earnings lost during the strike.
The DoL is responsible for compiling and releasing annual strike data, and does so by way of the annual industrial action (AIA) reports. Such data includes, among others, trends in the number of work stoppages in South Africa, trends in workdays and work hours lost in South Africa due to strikes, workdays lost per 1,000 employees due to strikes, wages lost due to work stoppages, and sectors impacted by strikes. Using this data, the average strike intensity from 2010 to 2012 increased to 3.54 per cent, and the average percentage of workdays lost per year due to strikes increased to 5.76 per cent. Table 1 shows the strike statistics for South Africa from 2007 to 2012 as given by the DoL. What these statistics reveal is that a total of 3.3 million workdays, 24.5 million work hours and R6.67 billion in wages were lost in 2012. However, although these reports contain valuable information, when examining the data more closely, certain inconsistencies become apparent (e.g. when calculating average hours lost per day, the average wage per day and the average wage per hour). For example, according to the data, striking workers worked 18.73 hours per day on average in 2011, while striking workers earned only R2.52 per hour (R19.69 per day) in 2010 compared with striking workers who earned R271.69 per hour (R2,014 per day) in 2012. When enquiring about the results, the present researcher was informed by the DoL that caution should be exercised when considering wages lost due to work stoppages, and that the LRA 9.2 forms require employers to estimate and indicate the wages lost due to company strikes. Given the inconsistencies, these figures are questionable and information must therefore be carefully selected.
In view of the inconsistencies indicated, statistics need to be cross-checked with other data sources in order to test the validity. Average wages per sector can, for example, be calculated using data from Statistics South Africa. Using, for instance, the December 2012 quarterly employment statistics (QES) from Statistics South Africa (2013b), workers in South Africa earn R14,386 per month on average. Multiplying this by the 3.3 million workdays lost in 2012, and an annual number of 260 workdays, results in a total amount lost due to stoppages of R2.2 billion, R4.47 billion lower compared with the R6.66 billion estimated by the DoL. Given that miners earned only R5,656.6 per month 1 on average, this implies that either the number of days or the number of employees is incorrect. (2011, 2012, 2013) (various issues) and own derived calculations Table 2 shows the strike statistics per industry for 2012, with a disaggregation of the mining industry. Metal ores, mainly platinum, accounted for 74.6 per cent of the strikes in 2012 -if measured according to workdays lost. According to these statistics, an estimated total of 2.47 million workdays were lost in the metal ores (mainly platinum) mining industry, involving 103,155 employees. 
Importance of the mining industry in South Africa
Mining is a very important sector for South Africa, and although its share was only 8.6 per cent of GDP in 2012 (at current prices) and 7.06 per cent with respect to total compensation of employees, it accounted for 33.9 per cent of total exports (Stats SA, 2014a). Gold accounted for the largest share of exports at 8.7 per cent (R71.05 billion), with platinum's share being 7.9 per cent (R65.05 billion) during 2012 (DTI: Trade data). Prolonged strikes in any of these sectors will thus have a significant impact on the economy. Monthly export sales and volume of mining production are shown in Figure 1 . Sales and exports reveal a very close correlation that points to a large percentage of mined ounces being exported. Sales and export data show a clear collapse during the international financial crisis in 2009 after monthly sales had reached a peak of R10.3 billion in June 2008. The reduction in volumes mined and in sales of platinum-group metals (PGMs) due to the strike action in 2012 is clearly visible from the data. Data from the Chamber of Mines shows that the production of PGMs was 12 per cent lower in 2012 compared with 2011 (Table 3) . This is a reduction of 34.6 metric tons or 1,112,415. Estimates of the amount of PGM ounces lost during the strike activity of 2012 differ. According to the annual report of the Chamber of Mines (2012/13), about 750,000 ounces of platinum output were lost in 2012 due to legal and illegal strike action, safety stoppages and mine closures. However, Sucden Financial (2014) states that data from the Chamber of Mines shows that 544,121 ounces of platinum output were lost during the 2012 strikes.
Estimates from the platinum-mining companies affected by the strikes in 2012, and which reported on the impact of the strikes, are shown in Table 4 . According to the annual reports of Anglo American Platinum (Amplats), Lonmin and Impala Platinum, estimated losses with regard to platinum production amounted to 602,000 ounces. The companies did not report on losses in 
USD per ounce R per ounce

Platinum price in rand terms
Platinum price in USD terms respect of other PGMs, but, by using data from their annual reports (see Appendix hereto), it is estimated that almost 469,300 ounces of output of other PGMs were lost. This results in a total estimated amount of R10.6 billion of ounces lost as a result of the strikes. Such amount is less when compared with the R10.9 billion calculated on the basis of the adjusted production statistics, but it can be regarded as more accurate in that it is reflected in the annual reports. As a result, this amount is used in the economic-impact model to estimate the potential direct impact.
2 Although the mineworkers' strike was mainly an attempt to obtain higher real wages, mineworkers do not earn the lowest wages in South Africa. According to the 2012 Labour market dynamics survey (Stats SA, 2013a), the largest percentage of non-ferrous metal ore mineworkers (22.5 per cent of these workers) earned a monthly wage of between R6,001 and R8,000. This can be compared with the average monthly wage for the largest percentage of employees in South Africa who earned between R1,001 and R1,500 (17.8 per cent of all workers).
Research by Bohlmann, Dixon, Rimmer and Van Heerden (2014) estimates that the 2014 platinum strike (which continued for five months) decreased real GDP growth by at least 0.7 per cent. The authors used a dynamic CGE model for their research which shows that the strike could have long-lasting negative impacts on the South African economy, especially as a result of lower investment.
Estimated economic impact of the 2012 strike in the platinum sector
The results are based on the estimated R10.6 billion 3 lost production of equivalent refined ounces during the seven-week strike in 2012. The economic-impact model is "shocked" with the estimated loss in production in respect of "other mining" 4 . Two scenarios are generated: the first scenario shows the unadjusted results, while, in the second scenario, an adjustment has been made in the remuneration of employees in view of the fact that not all employees participated in the strikes and, as a result, a portion of the wages still had to be paid even though the mines were closed. The model shows the following impacts:
GDP and industry impact
The GDP for the first scenario shows an estimated reduction as a result of the strike action of 0.525 per cent or R16.495 billion (the GDP in 2012 was R3.138 trillion). Such impact is calculated using the value-added approach. This implies that the GDP growth for 2012 could have been 3.0 per cent instead of the 2.47 per cent following the 3.6 per cent GDP growth in 2011.
Scenario 2 shows a reduction in GDP of R15.505 billion (0.494 per cent of the 2012 GDP). This scenario implies that the GDP growth for 2012 could have been 2.97 per cent instead of the actual 2.47 per cent. Apart from the mining sector that was directly impacted, all other sectors in the economy were also impacted as a result of interdependencies in the economy. The wholesale and retail trade showed the biggest rand value loss (R2.25 billion in Scenario 1 and R2.02 billion in Scenario 2), followed by financial services (R1.80 billion in Scenario 1 and R1.64 billion in Scenario 2), transport (R1.61 billion for Scenario 1 and R1.50 billion for Scenario 2), other services (R1.55 billion for Scenario 1 and R1.40 billion for Scenario 2), and real-estate activities (R1.15 billion for Scenario 1 and R1.0 billion for Scenario 2). The largest percentage decrease in the sectors (excluding the mining sector) occurred with respect to water distribution (0.62 per cent for Scenario 1 and 0.56 per cent for Scenario 2), electricity and gas (0.6 per cent for Scenario 1 and 0.56 per cent for Scenario 2), rubber products (0.55 per cent for Scenario 1 and 0.51 per cent for Scenario 2), and wood products (0.55 per cent for Scenario 1 and 0.52 per cent for Scenario 2). The smallest estimated percentage impact was on public administration (0.03 per cent for Scenario 1 and 0.02 per cent for Scenario 2). 
Compensation of employees, and private-sector consumption expenditure
Compensation of employees in Scenario 1 shows a decrease of R6.6 billion that is very close to the estimate of the DoL. Scenario 2 shows a decrease of R4.5 billion after a reduction of the direct impact. Scenario 2 has been adjusted, given that the modelled results for Scenario 1 are potentially overstating the impact on compensation of employees, as the structure of the model "assumes" that all wages are not being paid (i.e. are not being paid to mine management, to any other non-striking workers, or to any of the direct or indirect suppliers given the multiplier impact in the economy). In reality, the mines still have to pay the salaries of non-striking workers/management, even though production is not taking place. The wage bill of the multiplier effect will depend on a number of factors, including the duration of the strikes and whether suppliers have other sources of income or access to finance so that they can still pay their workers during times of strike action (further adjustments have not been made, apart from the adjustment in respect of direct wages that the mines will still pay). Final consumption expenditure by households shows an estimated decrease of R7.97 billion for Scenario 1 and R7.02 billion for Scenario 2. This implies that growth in consumption expenditure in 2012, following the 4.9 per cent growth in 2011, could have been 4.2 per cent for Scenario 1 or 4.1 per cent for Scenario 2 instead of the actual 3.6 per cent. 
Gross fixed capital formation (GFCF)
GFCF shows a reduction of R2.79 billion for Scenario 1 and R3.18 billion for Scenario 2. The GFCF for Scenario 2 is lower owing to the lower gross operating surplus in Scenario 2. This implies that the total 2012 GFCF of R593.39 billion, as reported by the Reserve Bank, could have been 0.47 per cent higher for Scenario 1 and 0.54 per cent higher for Scenario 2. Furthermore, future capital investments in mining and other sectors could potentially be impacted by strike action that will result in lower economic growth and lower employment creation in future periods. This impact on future investment has not been estimated in this study.
Balance of trade
If the strike-related production had not been lost, PGM companies could have decided to increase their stock, sell the ounces domestically or export the ounces produced. If we assume that all PGM inventories are exported and we add inventories to exports, the total additional export earnings could have been R9.05 billion for Scenario 1 and R8.41 billion for Scenario 2. The modelled imports as a result of the strike are reduced by R463.3 million for Scenario 1 and by R426 million for Scenario 2. This implies that the current-account deficit for 2012 could have been reduced to a deficit of 4.93 per cent of GDP, compared with the actual 5.23 per cent, for Scenario 1 (a deficit of R154.9 billion instead of R164.4 billion, taking the potential increase in GDP into consideration when calculating the percentage impact) and to a deficit of 4.94 per cent for Scenario 2. This could have resulted in a stronger exchange rate and lower inflation, while interest rates could have been kept lower for longer -all factors that would have impacted the economy and which are not included in this estimation.
Impact on the government budget deficit, and tax impacts
While the modelled results show that government consumption expenditure is only reduced by R545.7 million, government income is reduced by R3.8 billion. This is calculated on the basis of a reduction in direct taxes (corporate and personal income taxes) of R2.4 billion, in activity taxes (taxes less subsidies in respect of production) of R194.4 million, and in sales tax (taxes less subsidies on products) of just over R1 billion. This implies that the budget deficit could have been 5.13 per cent instead of 5.26 per cent (using Reserve Bank data). What this essentially means is that the cost of government borrowing is higher, which will place a further burden on taxpayers.
Government income is reduced by R3.6 billion in Scenario 2 (the government budget could have been 5.14 per cent instead of 5.26 per cent).
Employment impact
Employment impact can be estimated in a number of ways. For example, average employment multipliers per sector (the number of employees per R1 million of output) can be used based on the total output per sector and the total number of employees. However, employment elasticities can be sticky, and, if sufficient time series data are available, coefficients can be estimated per sector or per skills group. The employment coefficient with respect to total output estimated from 2002 to 2013 is shown in the Appendix hereto. This regression analysis shows that, for every 1 per cent increase in the total output, employment only increases by 0.52 per cent. This coefficient was used to adjust the overall indirect employment impact.
A total of 24,989 full-time equivalent jobs per year are estimated to be lost in Scenario 1 due to the impact of the strike action, and 23,277 for Scenario 2. This simulated impact shows just over 8,900 jobs in the "other-mining" sector for Scenario 1 and just under 8,900 for Scenario 2 (on the basis of the 103,155 employees involved in strikes in the "Metal ores, except gold and uranium" sector that lasted for about seven months). Although this number of jobs is not lost, the work that could have been done is lost to the economy. This provides a strong warning of the danger of strike action and of the potential impact on other non-related workers. 
Policy and policy implications
Strike action does not only limit production in strike-related sectors, but also results in unwanted impacts on the rest of the economy. Although the causes of strike action constitute a research topic on its own and will therefore not be addressed in the present research, low wages, harsh working conditions, poor living conditions, overindebtedness, consumer price increases, and unions are at the core of such action. Given this, it is no surprise that labour-related factors in South Africa are among the worst-ranked factors in surveys, including the WEF's Global competitiveness report. To achieve inclusive growth, it is imperative that these aspects are addressed. Improvements in the general level of education and skills are needed to create long-term sustainable growth that will enable higher wages and a higher probability of employment. However, short-term labour problems also need to be addressed. A worrying factor is also that the next generation of workers is being failed by the education and skills development systems in place. Consequently, they are being deprived of opportunities to improve themselves through human-capital development. Babson (2014) , for example, notes that, from 2008 to 2012, about two-thirds of the unemployed lacked a matric qualification, while about one-third had such a qualification, but no more. During the fourth quarter of 2012, a total of 71.1 per cent, or 3.2 million of the unemployed, were between the ages of 15 and 34. 6 Although there is little evidence by way of research to show that labour legislation creates rigidities which prevent firms from hiring or firing workers (Kerr, Wittenberg & Arrow, 2014) , some researchers argue that restrictive labour laws make it too expensive to employ large numbers of unskilled workers (Bernstein, 2011) . Banerjee et al. (2007) found a persistent union wage differential, suggesting that unions are propping up wages for union members, thereby posing additional challenges for the unemployed. Bernstein (2014) argues that the most urgent policy challenges revolve round high levels of unemployment, the regulation of the labour market, the role of unions, the shortage of skills, and the education system. In view of this, and the recent impacts of strike action in South Africa, drastic measures are needed. Bernstein (2014) proposes that the solutions include the relaxation of labour laws -which hinder entry into the labour market, especially for young people -and the introduction of an open-migration regime for skilled migrants (among others). The current role of labour unions also needs to be re-evaluated. Although labour unions are important in looking after the interests of employees, it is time that government takes a stand and demonstrates that it is serious about creating the millions of jobs needed. Unions' demands for higher wages have resulted in job losses. Moreover their infighting for "market share" indicates that they only serve themselves and the interests of their own members, instead of supporting the country's goal of higher economic growth and employment creation.
Management is also responsible for the employee-employer relationships, given that it is in control of running the business. Although many factors, including economic conditions and policies, are beyond management's control, a number of factors are within their control, for example how remuneration is paid so as to provide incentives for workers to enable them to receive higher levels of income, produce at higher productivity levels, and to share in profits. Why must a mineworker, for instance, only receive a fixed monthly salary and not a share in the profits if commodity prices increase or if production targets are met? Better incentives for workers can lead to improved commitment and improved production. Such incentives can, for example, entail all workers being given share options if they have worked for a certain period of time, where certain conditions such as profit targets are met, or if they are not striking (in the case of listed or larger companies). Bonuses and performance-driven targets can also account for a much larger share of workers' potential income -if workers work hard and the company makes good profits, workers should be able to share in the profits. However, if workers do not perform or they neglect their responsibilities, they should not share in any bonuses or profits and there need to be consequences such as dismissal.
Concluding remarks
In this paper it has been shown how a SAM-based Leontief economic-impact model can be used to estimate the potential impacts of strikes in the platinum-mining industry during 2012. Two scenarios were developed, one based on the structure of the model and a second in which adjustments were made to the compensation of employees and to gross operating surplus. The research question was whether the 2012 platinum-sector strike had a significant impact on the South African economy.
The main results are as follows: • The estimated number of ounces of PGMs lost as a result of strike activity was 1.07 million, made up of 602,000 ounces of platinum and 469,298 ounces of other PGMs, with a total value of R10.6 billion.
• The GDP shows a reduction of 0.525 per cent or R16.495 billion for Scenario 1 and a reduction of 0.494 per cent for Scenario 2, implying that the GDP growth for 2012 could have been 3 per cent, instead of the 2.47 per cent, based on Scenario 1 and 2.97 per cent based on Scenario 2. The magnitude of these impacts is similar to the estimated impacts for the 2014 platinum-mining strike calculated by Bohlmann et al. (2014) .
• In value terms, the connected sectors that show the biggest impact include the wholesale and retail trade, financial services, transport, and other services. Water, electricity and rubber products show the biggest impact in percentage terms.
• Compensation of employees shows a reduction of R6.6 billion for Scenario 1 and R4.5 billion for Scenario 2.
• Gross operating surplus shows a reduction of R8.4 billion in Scenario 1 and R9.8 billion for Scenario 2.
• Final consumption expenditure is estimated to be R7.97 billion lower for Scenario 1 and R7.02 billion lower for Scenario 2.
• GFCF shows a reduction of R2.8 billion for Scenario 1 and R3.2 billion for Scenario 2.
• The current-account deficit could have been reduced to 4.93 per cent of GDP, instead of the realised 5.23 per cent for 2012, under Scenario 1 and to 4.94 per cent for Scenario 2.
• The government budget deficit could have been reduced to 5.13 per cent, instead of the actual 5.26 per cent for 2012, given the additional tax income (Scenario 1), or could have been reduced to 5.14 per cent (Scenario 2).
• Employment, if expressed over a year, and given the lost production, represents a modelled loss of almost 25,000 full-time equivalent opportunities for Scenario 1 and almost 23,300 for Scenario 2. This implies that, for every worker who went on strike, his/her own job and that of at least one other person were put in jeopardy.
Given the unintended consequences of strike action that results in lower GDP, lower consumption, lower tax income, larger trade deficits, a loss in income, and potential job losses, it is time to reevaluate the benefits of strike action, given the direct and indirect costs. Understanding the potential, wider economic impacts of strike action can provide valuable insights for policymakers, businesses, workers, and trade unions so that they pursue strike action only as the very last resort. This research will hopefully result in improved policies, as well as enriched negotiations that take into account the adverse impacts of strikes so that solutions to deadlocks in wage negotiations can be pursued before deadlocks progress to strike action.
Endnotes
1 See endnote 6. 2 The annual reports of other large platinum mines were researched, but no strikes took place during the period under review, or no references to the impact of strikes were made. These include the annual reports of Royal Bafokeng, Wesizwe Platinum, Northam Platinum, Aquarius Platinum Limited, and African Rainbow Minerals (ARM). 3 Average platinum inflation in rand terms for 2012 was 2.3 per cent higher, but that for both palladium and rhodium were lower. Part of the strike took place in February and March 2012, with the other part occurring from August to November 2012. As a result, no inflationary adjustments have been made to the data. 4 This includes platinum-group metals (PGMs) (Standard industrial classification code 2424). 5 An adjustment has been made based on an estimated number of 103,155 mineworkers (as given by the Department of Labour (DoL)), as well as on a weighted average mineworker's salary calculated at R5,656.6 per month which results in a total direct amount of salary income lost during the seven-week strike of R1.02 billion (using data from the Labour market dynamics survey (Stats SA, 2013a)). The net difference between this figure and the estimated wage bill in order to mine R10.7 billion ounces of PGMs has been used to increase the compensation of employees in Scenario 2 and to decrease the gross operating surplus. 6 Based on data from the Labour market dynamics survey (Stats SA, 2013a).
A SAM for 2012 was constructed that contains a combination of Statistics South Africa data (2012 supply and use tables (SUT) and household data) and Reserve Bank national accounts data.
The 1993 United Nations system of national accounts (SNA) defines a SAM as a means of presenting the SNA in a matrix format that elaborates on the linkages between supply and use tables and institutional sector accounts. In this respect, a SAM contains data on production activities, intermediate inputs, primary factors, commodities, households, and institutions such as enterprises, the government and the rest of the world. It also has the advantage that it links data for economic and social fields together in one matrix and that data from various sources can be collected, incorporated, reconciled and "linked" in one matrix or in satellite accounts (Stats SA, 2005) .
An economic-impact model is built based on the 2012 SAM, and a fixed-structure, Leontief inverse matrix is used. The basic Leontief methodology (SNA, 2008:512; Jensen 2001) shows that:
where demand is equal to total production minus the production needed by other industries as inputs. In this equation, D = Demand vector (how much in, for example, rand terms of each type of output is demanded by consumers and the rest of the world), X = Production vector (for internal and external demand), and AX = Production needed by other industries as inputs (total amount of products needed in production), with A being the technology matrix or technical coefficient matrix (which shows how much output from each industry a given industry requires to produce R1 of its own output). The goal of a Leontief-based economic-impact model is to solve X for this equation, that is, find the total production for each of several type of goods and services needed to satisfy a certain demand.
A matrix that is multiplied by an identity matrix is equal to itself, that is, IX = X. This results in:
Factoring out an X in both terms on the right-hand side results in:
To solve X, both sides are multiplied by (I -A) -1 :
A matrix multiplied by its inverse is equal to an identity matrix (I -A) -1 (I -A) = I, and substituting I with (I -A) -1 (I -A) results in:
And since IX = X as stated above, X can be substituted for:
This provides the equation to solve the total production needed to satisfy an economy with a known demand vector D and a known technology matrix A in: X = (I -A) -1 D
1.2 Operating statistics and estimated ounces loss 
Regression analysis, total employment and total output
